Background Attention has recently been focused on the basal cells of the tracheobronchial epithelium as the mechanism of anchorage of the tall columnar cells, which themselves do not appear to form hemidesmosomes with the basement membrane of the epithelium. Residual basal cells have been described as remaining attached to the basement membrane after epithelial denudation. This led this group to formulate the hypothesis that there may be a potential plane of cleavage between the basal cells and the overlying columnar cell layer within the bronchial epithelium, which becomes disrupted in asthma. Methods Bronchoalveolar lavage samples were obtained during bronchoscopy from eight patients with atopic asthma and four normal controls. Ultrathin sections of lavage cell pellets were examined by electron microscopy and the number of columnar and basal cells found in each epithelial cell cluster was counted. Cytocentrifuge preparations of the lavage samples from the same subjects were also examined for free epithelial cells and epithelial cell clusters. Results Electron microscopic examination of the cell pellets showed that basal cells were present in very small numbers in the epithelial clusters in all subjects (mean 003 (SE 0O02)/cluster) and the ratio of columnar cells to basal cells was far greater than was encountered in the intact bronchial epithelium (167 v 4). The cytocentrifuge preparations showed an increased number of epithelial cell clusters and epithelial cells in the asthmatic patients. Although these clusters were similar in size in the two groups of subjects (6-3 v 5-1 cellslcluster) the ratio of free epithelial cells to cells within the cluster was higher in the non-asthmatic subjects. Conclusions It is proposed that shedding of epithelial cells occurs along a suprabasal plane and that there is a potential plane of cleavage between the suprabasal and the basal cell layers, which might be more vulnerable to the various insults.
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Shedding of the bronchial epithelium has been long associated with bronchial asthma, through necropsy' and sputum cytology studies2 and, more recently, bronchial biopsy.3 These studies in the living patient have allowed the investigation of the associations of this phenomenon and recent studies have indicated that correlations exist between bronchial hyperresponsiveness and the epithelial cell loss recovered by bronchoalveolar lavage. 4 Many hypotheses have been proposed to explain this association, including exposure of sensory nerve endings leading to reflex secretion of bronchoconstrictor neuropeptides,5 loss of epithelial relaxant factors,6 and elaboration of endothelin,7 all of which might cause bronchial smooth muscle contraction. Alternatively, the epithelial cell damage might be merely a bystander effect of bronchial inflammation. Epithelial cell adhesion, however, is generally held to be essential for maintaining normal bronchial homeostasis and destruction of the cohesive mechanisms to have an important role in bronchial asthma. 8 Various cell adhesion mechanisms are used in the maintenance of the bronchial epithelium, akin to those for other epithelia. 25 The number of columnar cells in the clusters was also counted.
The cytocentrifuge preparation sections were examined by the same blinded observer with a Leitz Ortholux 2 microscope (Ernst Leitz, Wetzler, Germany). The epithelial cells in the cytocentifuge sample were expressed as a percentage of the total nucleated cell count and this was corrected to yield epithelial cells per millilitre. The May-Grunwald-Giesma cytospin preparations were then re-examined and the number of free epithelial cells and clusters were counted until 10 epithelial cell clusters had been observed. The number of cells forming the 10 clusters was also counted. The total number of clusters per millilitre of lavage sample was then calculated.
DATA ANALYSIS
The difference in number of epithelial cells, clusters/ml of lavage fluid, composition of the clusters, and ratio of free epithelial cells and cells in the clusters in the asthmatic and control groups as seen in the cytocentrifuge preparations were compared by the Mann-Whitney U test.
Results
Electron microscopic examination of the cell pellets from both groups of subjects (table) showed that most epithelial cell clusters were devoid of basal cells (fig 1) , and except for one subject there was no more than one basal cell adherent to any cluster. The ratio between the number of columnar cells and basal cells per cluster was significantly different from the ratio of these cells in intact bronchial epithelium- "unzipping" of the columnar epithelium from the basal cell layer. We also noted that the columnar cells in the clumps were generally intact, confirming that the break from the basal cell layer occurred at the cell to cell junction and was not due to tearing of the cytoplasmic continuity of the cell itself.
We examined the cytocentrifuge samples as these were more reliable for measuring the numbers of free epithelial cells and epithelial cell clusters (Table) . As we have reported previously,4 the number of total epithelial cells both free and in clusters was significantly higher in the asthmatic subjects than in the normal controls (p = 0-048) and there was an inverse correlation with the log PC20 histamine value. The clusters were also significantly more numerous in the lavage fluid from the asthmatic subjects (p = 0-028), though the mean sizes of the clusters in the two groups of subjects were similar (6-3 v 5-1 cells/cluster, NS). There was no correlation between the number of clusters/ ml of lavage fluid and the PC20 histamine of the individual asthmatic subjects. Proportionally more of the epithelial cells shed into the lavage fluid from the asthmatic subjects were as clusters rather than single cells. The ratio between free epithelial cells counted until 10 clusters were seen and the cells within those 10 clusters was significantly different in the two groups (p = 0-02). The basal cell used to be thought of as a progenitor cell in the bronchial epithelium but this function has now been attributed to the non-ciliated columnar cell.27 More recently, the basal cell has been regarded by some as being important in the adhesion of the bronchial epithelium to the underlying basement membrane."2-14 The lack of columnar cell hemidesmosomes would require some other mode of adherence to their underlying basement membrane. 25 This may depend on desmosomal attachment to basal cells, which in turn adhere to the basement membrane via basal hemidesmosomes.
Extrapolation from these findings would suggest that the site of adhesion between the columnar cells and the underlying basal cells may be an important target for cell damage in the bronchial epithelium. Exposure of guinea pig respiratory epithelium to eosinophil major basic protein has been shown to induce detachment of the columnar cells from the basal cell layer while the basal cells maintain their contact with the basement membrane. Higher concentrations of major basic protein are required to induce detachment of the basal cells.28 This suggests that the basal cell attachment to the basement membrane is more resistant to attack by eosinophils than the adhesive mechanisms that attach the columnar cells to these basal cells. This is in keeping with our findings that the epithelial cell clusters in lavage fluid do not contain many basal cells. It would also appear that the adherence between the neighbouring columnar cells is more robust than that between the columnar cells and basal cells, as the columnar cell clusters of up to 30 cells remain intact after being shed into the bronchial lumen.
We propose that there is a potential plane of cleavage between the columnar cells and basal cells that may be opened by toxic substances, such as eosinophil major basic protein. This has been previously found in sheep exposed to cotton smoke'8 but other models, such as the exposure of respiratory epithelium to EDTA, have disrupted the entire epithelium. '7 We are currently exploring the differences in the cell adhesion mechanisms between the columnar cells, the basal cells, and the underlying basement membrane to define the molecular basis of the vulnerability of the epithelium in bronchial asthma.
